The purpose of this paper was to measure the Gross Domestic Product of the agribusiness in European Union countries and to determine its contribution to national economies. The agribusiness GDP was measured using a proprietary method based on input-output tables. The study covered all 28 European Union countries and relied on 2014 data, the most recent available information in the World Input-Output Database (used as data source). The study found the prevalence of two relationships; (i): the higher the development level of a country, the lower the share of agribusiness GDP in the national economy; (ii): as the country develops, the share of the 2 nd agribusiness aggregate in the GDP becomes relatively smaller compared to that of other agribusiness aggregates. A known problem faced in these analyses is that the I/O tables are published with a huge delay and are only available for some countries. Therefore, the studies on agribusiness measurement for all European Union countries in one period are relatively scarce in the relevant literature. Also, a proprietary method of agribusiness GDP measurement was used which takes account of the particular role of the food industry.
INTRODUCTION
As indicated by many researchers, including Leones, Schluter and Goldman (1994) , the importance of agriculture in the national economy should be determined based not only on the agricultural production sector alone but also on its relationships with other industries which grow stronger as the country develops. This is explained in the findings by Cook and Chaddad (2000) who indicate that as the countries develop, there is increasing importance of activities which add value at the pre-and post-farmgate levels while decreasing value at the farm production level. These relationships can be best traced with the input--output model conceived and developed by Leontief. Davis and Goldberg (1957) were the first ones to use it in studying the connections between the agricultural sector and other industries. They referred to the entire system of connections as "agribusiness". Since then, research efforts have addressed many aspects of 15 Proceedings of the 2019 International Scientifi c Conference 'Economic Sciences for Agribusiness and Rural Economy' No 3, Warsaw, 5-7 June 2019 , pp. 15-21 ISBN 978-83-7583-905-0 DOI: 10.22630/ESARE.2019 .3.1 ISSN 2658 -1930 eISSN 2658 -1965 Proceedings of the 2019 International Scientifi c Conference 'Economic Sciences for Agribusiness and Rural Economy' No 3, Warsaw, 5-7 June 2019, pp. 15-21 this issue (King et al., 2010) , including the measurement of the actual contribution of agribusiness to the national economy.
The purpose of this paper is to measure the Gross Domestic Product of the agribusiness in European Union countries and to determine its contribution to national economies. The studies on this matter are relatively scarce in the relevant literature. Moreover, they are impeded by the relatively poor availability of comparable up-to-date data for all Community countries. The World Input-Output Database, used as data source in this paper, is among the solutions which provide an opportunity to change that state of affairs.
THEORETICAL BACKGROUND
The term "agribusiness" was first used by Davis in 1955 at a conference held in Boston. In January 1956, he published a paper titled "From Agriculture to Agribusiness" (Davis, 1956) . Ultimately, the concept of agribusiness was characterized and explained in detail one year later, in "A Concept of Agribusiness" (Davis and Goldberg, 1957) . As noted by the authors, the relationships between agriculture and other industries are more complex than anywhere else in the economy. Therefore, it was necessary to analyse the relationships with input-output tables which continue to be the main method for measuring the importance of agribusiness in the national economy as they allow to trace the most complicated flows between the sectors (Miller and Blair, 2009 ).
According to the classical concept by Davis and Goldberg, agribusiness is "the total of all operations involved in the manufacture and distribution of farm supplies; production operations on the farm; and the storage, processing, and distribution of farm commodities and items made from them" (Davis and Goldberg, 1957) . The authors also defined certain aggregates to help analysing the interdependencies. In the initial concept, agribusiness was divided into three aggregates: farm supplies; agriculture; and processing and distribution of agricultural produce. Later in their book, Davis and Goldberg carried out an in-depth analysis of interdependencies and redefined the three aggregates to use them as a reference for research findings, namely: agriculture, food processing, and fibre plants processing (at that time, these were believed to be the most important elements of agribusiness). Hence, interdependencies in the agribusiness may be examined from different standpoints. Therefore, the appropriate selection of aggregates plays an important role in analyses based on the I/O model. What also matters is whether or not certain flows between production sectors are classed as components of agribusiness. This gives rise to doubts because no official statistics exist for that subsystem of the economy. As a consequence, particular areas of agribusiness are interpreted in different ways by authors dealing with this topic.
The relevant literature provides two main methods for estimating the size of agribusiness. The first one, proposed by Davis and Goldberg (1957) and described by Schluter, Lee and Edmondson (1986) , estimates the Gross National Product of agribusiness by computing the influence coefficient for food and fibre sectors also for the period not covered by the input-output tables published. However, that method assumes that the structures of intersectoral connections remain unchanged even if the structure of agribusiness evolves, which is not a realistic prospect (Yan, Fan and Zhou, 2011) . The second method, proposed by Furtuoso, Barros and Guilhoto (1998) , allows to estimate the Gross Domestic Product of agribusiness directly based on I/O tables and relaxes the assumption of the first method. Furtuoso, Barros and Guilhoto (1998) proposed a division of the agribusiness into four aggregates: (a) inputs to agriculture; (b) agriculture; (c) agriculture-based industries which include industries the most related to agriculture in terms of demand for its products; and (d) final distribution. That classification is also applicable to the structure of the food supply chain, and was used to measure the size of agribusiness by other authors, too (Guilhoto, 2004; Xianhui and Yingheng, 2010; Yan, Fan and Zhou, 2011; Moreira, Kureski and Veiga, 2016) .
However, certain difficulties in using this classification emerge in the context of international benchmarking. This is especially true for the extraction of sectors comprising the third aggregate (agriculturebased industries). In each country, the sectors differ Proceedings of the 2019 International Scientifi c Conference 'Economic Sciences for Agribusiness and Rural Economy' No 3, Warsaw, 5-7 June 2019, pp. 15-21 in their demand for agricultural produce. In turn, the agribusiness measurement method takes account of total value added in sectors classed as agriculture--based industries. Therefore, identifying the same sectors in each country may result in revaluations. Conversely, if different sectors are considered in each country, this could result in understatements in relation to countries with a larger number of sectors (if a sector is not classed as an agriculture-based industry, it does not necessarily mean it does not require any agricultural produce at all; instead, it only means it requires agricultural produce in small quantities compared to its demand for products of other sectors).
As found in research by Wilkinson and Rocha (2009) , food industry is the sector most strictly related to agriculture, and its role becomes increasingly important as the population's incomes grow. Agriculture can be observed to be more closely related to the food industry than to other sectors in all countries around the world. Together, agriculture and food industry are responsible for the entire production and processing of food. This is reflected in the concept of food economy which has been developed since late 1960s in socialist European countries (Kapusta, 2012) . That concept places focus on the particular responsibility of (broadly defined) agriculture as a sector which is supposed to ensure sufficient supply of food for the society. Hence, the most important sector -in addition to agriculture itself -is the food industry whose role is strictly related to food. Woś (1979) proposed that the inflows of materials and services to the food sector also be considered a component of agribusiness to emphasize that the food sector and agriculture are inseparable. In his concept, agribusiness was divided into three aggregates: (a) supply of goods and services to the agriculture and the food industry; (b) agriculture; and (c) food industry.
For a detailed theoretical description of the agribusiness concept (underpinned by the classification proposed by Woś), see Poczta and Mrówczyńska--Kamińska (2004) . This became the basis for many other papers (e.g. Czyżewski and Mrówczyńska--Kamińska, 2011; Mrówczyńska-Kamińska and Poczta, 2013) . Also, the relevant literature presents some other, less frequent methods for the identification and division of the agribusiness (e.g. van Leeuwen, 2000; Trejos, Segura and Arias, 2004) .
MATERIALS AND METHODS
The calculations were based on I/O tables retrieved from the World Input-Output Database (WIOD), Release 2016. The advantage of WIOD is that it publishes methodologically unified tables for all countries. Moreover, particular focus is placed on data quality, so that the figures provide the best possible reflection of official national statistics. The calculations were based on 2014 data, the most recent information available in the database. In WIOD Release 2016, data for 56 sectors was classified as per the International Standard Industrial Classification revision 4 (ISIC Rev. 4). The tables adhere to the 2008 version of the System of National Accounts (SNA). Detailed information on the structure of tables can be found in publications by Dietzenbacher et al. (2013) , Timmer et al. (2015) and Timmer et al. (2016) .
In accordance with what was proposed by Woś (1979) , three aggregates of agribusiness were identified: (1) supply; (2) agriculture; (3) food industry. As provided for in ISIC Rev. 4, agriculture is defined as sector A01: Crop and animal production, hunting and related service activities. In turn, the food industry are sectors C10-C12: Manufacture of food products, beverages and tobacco products.
The GDP of agribusiness was calculated using a proprietary method, by modifying the one described by Furtuoso, Barros and Guilhoto (1998) . The first step consists in determining the value added at producer prices in the I/O table. In accordance with SNA 2008, that amount is calculated as total value added at basic prices plus taxes on products less subsidies on products.
The coefficients of value-added flows from different sectors (CVA i ) need to be calculated in order to determine the part of GDP of particular sectors which contributes to agribusiness GDP. This was done by dividing value added at producer prices in the sector concerned by the corresponding output. The coefficients calculated this way were first used to calculate the GDP of the 1 st aggregate.
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To calculate the GDP for the 1 st aggregate, the coefficients (CVA i ) must be multiplied by the value of products and services (inputs) from the corresponding sectors delivered to the agriculture (z ia ) and to the food industry (z if ). These values were retrieved from the I/O tables. Then, the flow of value added (which results from self-supply in the agriculture and food industry) must be deducted from the amount calculated above in order to avoid double counting. In accordance with what was described above, the GDP for the 1 st aggregate was calculated as follows:
where: GDP I -Gross Domestic Product of the 1 st aggregate; z ia -total inputs delivered from sector i to the agriculture (sector a); z if -total inputs delivered from sector i to the food industry (sector f); z aa -total inputs delivered by the agriculture (sector a) to itself; CVA a -value added coefficient for the agriculture (sector a); z ff -total inputs delivered by the food industry (sector f) to itself, CVA f -value added coefficient for the food industry (sector f).
The GDP for the 2 nd aggregate was calculated as agriculture value added at producer prices less value added delivered from the agriculture to the food industry (classed under the GDP of the 1 st aggregate). This allowed to avoid double counting.
where: GDP II -Gross Domestic Product of the 2 nd aggregate; VA PPa -agriculture value added (sector a) at producer prices; z af -total inputs delivered from the agriculture (sector a) to the food industry (sector f); CVA a -value added coefficient for the agriculture (sector a).
The GDP for the 3 rd aggregate was calculated in a similar manner, as value added of the food industry at producer prices less value added delivered from the food industry to the agriculture (classed under the GDP of the 1 st aggregate):
where: GDP III -Gross Domestic Product of the 3 rd aggregate; VA PPf -value added of the food industry (sector f) at producer prices; z fa -total inputs delivered from the food industry (sector f) to the agriculture (sector a); CVA f -value added coefficient for the food industry (sector f).
The GDP of the entire agribusiness is the total GDP of its aggregates.
RESULTS AND DISCUSSION
The calculation results for the GDP of the agribusiness and its different aggregates, for all 28 European Union countries, are presented in Table 1 . In the interest of clarity, the countries are sorted in descending order by the share of agribusiness GDP in total GDP. The following general pattern could be observed: the higher the development level 3 of a country, the lower the share of agribusiness GDP in the national economy. This is primarily because of a low share Proceedings of the 2019 International Scientifi c Conference 'Economic Sciences for Agribusiness and Rural Economy' No 3, Warsaw, 5-7 June 2019, pp. 15-21 A relationship between the contribution of different agribusiness aggregates to GDP and the development level can be observed throughout the European Union. Better developed countries exhibit a clearly larger gap between the contribution of the 2 nd aggregate (which is low) and that of the 1 st and 3 rd aggregates. This results from a pattern well known in economic theory: as the economy grows, the share of agriculture in the national economy declines. Production shifts to the industrial and service sectors (Kuznets, 1973) . Slovenia and Slovakia can be regarded as an exception from this pattern. When it comes to Slovakia, this is probably because of the topography: as the country is mostly covered with mountains, the agriculture must be relatively more efficient. In turn, when it comes to Slovenia, the reasons are similar to those presented in the first relationship discussed.
CONCLUSIONS
The analysis of the amount and share of agribusiness GDP in total GDP of European Union countries proved the existence of two major relationships involving the level of economic development: (i) the higher the development level of a country, the lower the share of agribusiness GDP in the national economy; (ii) as the country develops, the share of the 2 nd agribusiness aggregate in the GDP becomes relatively smaller compared to that of other agribusiness aggregates. Note however that a few exceptions can be found.
The studies on agribusiness measurement for all European Union countries in one period are relatively scarce in the relevant literature. A known problem faced in these analyses is that the I/O tables are published with a huge delay and are only available for some countries. With the World Input-Output Database, it was possible to carry out a study for a relatively recent period. Moreover, a proprietary method of agribusiness GDP measurement was used which takes account of the particular role of the food industry.
